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Iqrder to make clear the~elrtion 0 @v two loci (Hl and H2) to the Ebcantigen 

phare variation, effectr of phase difference on the H-antigen transductton in 

Salmonella diphasic strains wore observed. 

Materials and Methods. 

Three Salmonella diphasic strains, s. abans W-SO3 @ la+, b:enx), S&. 

heidelberg SW-1092 (Fla-, r:1,2) and a. tmhinmrium !PM-2 (Fla+, i:1,2), were used 

in this experiment. 

v %he transducing lysate from each phase of these strains was 

follows. JL Phase 1 and phase 2 colonies were pick up from the EHE-lactose 

plate cuIture8 of the diphaaic strains , and were in#oculated into penareay broth. 

After 10 hours inoubatioa, 2 drops of each culture,yaa in#oaulated into 10 ml of 
(lx.0.002 + 

new penaeeay broth cultures with 1 smal~loopful.of lysate as evocatoP of phage. 

At the same time cultures w+ tha t lysate were prepared as dontne$s. 
4i.i 

They were 

incubated 2 hours, and put intq6O’C water bath for 45 minutes to kill the bacterial 

cells. After that, the . . were centrifuged and the supernates were shah& with 
a 

chloroform and kept in refrigkator. 
& 

Controls were not killed by heat but were 

a HL 
1 on IW-lactose platqand homogeneity of phase in each cultures was confirmed 

F 
the antigen type iii about 20 colonies in each. 

F1p-J It 
Recipient cell cultwes of each phase were prepared as follows. The culture 

91 
of mixed phase was streaked on BE-lactose plate. 10 colonies were piok up from it 

into penassay culture, and were kept in refrigerator after 6 hours of culture. 

- 0.5 ml of each culture\ mixed wi th>quad volume of lysate obtained from Pla+- 



k 

/ 
n _ strains and brushed on ma ,’ tility-gelatine-agar media (MU), and the antigen types 

of the developed ewarme w-e tested. Homogeneous cuRturee for phase 1 or phase 2 

? d . were checked from them, alad original store cultures of them were used as recipient - 
cell culturee. 

For transduction experimens 
I 

lysate was mixed with penassay broth recipient 

cell 011 ture ,in equal# volume, 
6 

and brushed on MGA (in case of Pla+-x Fla-) or MGA 

supplemented antiserum for the antigens of reafpient cell (in case of Fla+-x Fla+). 
A 4 The swarms developed as a result of transduction were lick up onto RX&lactose agsr 

media and their antigen types were tested by slide agglutination *test. The antigem 

type of alternative phase wae tested with the successive penassay subcultures of 

colonies or, when it $e still monophasic, after eeleating by t&e WGA containing 

antiserum for the expressed antigen. 

Emerimental Results . 
@ I 7 

The first experiment was doneAtrezing the lyeate of each phase of &.. 

abonr ( SW-803, F&S', b:enx) to the cells of each phase of Sal. heidelberg (SW-1092, 

Fla- , r:1,2). Fla+ was used as selective marker. The resulte obtained were 

sumriiarized in Table 1. 

!!?he phaee of recipient cell after transduction is just same as the phase 

of that before transduction. The few exceptions when phaee 2 was recipient may be 

attributed to the uontsmination of phase 1 cell by the phase variation in the 

culture of phase 2. The transduced type of phase 1 appeared in every combinations 

by the frequencies from 51 to 86 $, on the other hand the transduced type of phase 2 

did not appear in any combinations. These results indicate thati: 

(1). Phase 1 (H1) is transduced linked to V3as regardlee the phases of donor 

and reciuient . 

(2). Phase 2 (HZ) is not transduced linked to Vlav. 



(3). The phase of tr3duced cells are exclusively determined by the phase Of 

recipient cell. 

From (1) and (3)) it is deduced further that, in the cell which shows phase 2, 31 

is exist but is inhibited its action by some factor. On the mechanism of inhibition, 

two alternative hypothesis are presented. 

I). Wm phase 1~s determined by the cytoplasmio condition or some factor involved 

In cytoplasm. 

II). Bz euppreeees the action of HI, and H1 is expressed only when H2 mutate6 

to inactive allele (h2). Accordingly phase 1 has Hlh2, whereas phase 2 has HlH2, 

and phase variation is caused by the following mutational change: H2* h2 . 

From the result obtained in this experiment, it is impossible to decide which of 

these alternatives represents the real phenomena, because HZ-transduaed type cannot 

be screened in this experiment. The difference of two alternative phenomena may 

become clear when dlphasio culture is transduced by the lysate of each phase and 

selected by the antiserum for H 
1 

and H2autigen of recipient strain. In such eseriment 

both Hl- and H2-traneduc& types are screened, and if I) is correct, transduced cells 

show either phase 1 or phase 2 when transduced by phase 1 lysate as well as by phase ? 

'lysate. On the co&r&y, if hypotheeia II) la correct, transduced cells 6how Only 

phase 1 when transduced by phase 1 lysate,and both phase 1 and phase 2 by phase 2 

lysate. On these expectations, the cells of ,&&. aboa (b:enx) was transduced by 

the lyaate of each phase of &&. txehimurium TM-2 (i: 1.2). ~rnd transduced t,qes 

were screened by the MGA containing anti-i ard anti-enx. The result is 6hown in 

Table 2. 

As can be seen in the table, differential effect of donor phase is very 

clear. In case of transduction l.qr the lysate of phase 1, only phase 1 antigen is 

transduced, whereas in case of phase 2 I both phase 1 ax& phase 2 were transduced. 

~- This result indicate the 2nd hypotheaie II) is preferable to explain the phenomena. 



According to the hypothesis II), the ratio of phase l-transduced type and 

phase 2-transduced type in the experiment (phase 2 -x mixed phase) is 

phase1 :phase 2= p : 1 

( p indicates the rate of phase 1 cells in recipient culture.) 

if efficiencies of transduction do not differ between H1 and H2. The recipient cell 

culture used in this experiment has contained 23 phase 1 cells in 50 tested, that is, ,;’ 
p=o.46. Con6equently, the frequencies of phase l-transduction observe8 is mather 

higher than the expected value from hypothesis II). The cause of this difference is 

not clear at present. One possible explanation is to suppose the difference Of 

transducing efficienciee between I$ and H2. 

(* The observed ratio is phase 1 : phase 2 = 1 : 1 ) 

Diecu6sion. 

Genetic approach to the mechanism of phad, variation tasrfErLtmade by 

Dr. Stocker (1949). He concluded, from the observation of cells of each phase in 

the cultures of diphaeic strain during the growth, that phase variation is 

resulted from mutation and back-mutation of one locus. Lately, transduction 

experiment was applied to the genetic analysis of this phenomena ( Lederberg and 

Edwards, 1953 and Lederberg, 1954 ), and was found out that two phases mere trans- 

duced separately. This result lead to the assumption that two alternative phases 

are controlled by two distinct loci, Hl and H2 each. Present experiment confirms 

the result obtained previously by the transduction experiment, and moredover makes 

clear the relation between the Stocker's result and the result obtained $#b$i#& 

by the transduction experiment, showing the leadership of H2 locus for phase 

variation by suppression for Hl and by mutation H2& h2. 

The hypothesis of H2-leadership also serves,to explain the phenomena of 

H-antigen transduction in monophaeic strain reported previously. According to the 

present hypothesis there are 5 pO66ibilitiOS of monophaeic condition, that is: \L 
&4.+&l&i d&2 bw=+-Aj-;0+9) 

etabilieation Of '2 (tz?Pe-l), or h2 (typo-2)fi, mutation of Hl to inactive allele hl 



(WPe-31, ati 10s~ of' Hl-locus (type-4) or H2-locus (type-5). These types are 

distinguishable by the transduction'%!mdiphasic strain to them, as shown in Table 3. 

The results obtained in the previous experiment on the transduction of monophasic 

strains are explained well providing one of these genotypes to each of monophasic 

strains. POr example, the behavior of S&. ty-ohi H-wl(d:-) and &&.paratyphi B 

SW-666 (a:->, to which only phase 1 is transduced from diphasic strain and give 

phase 1-monophasictype, are explained as they have type-f; constitution (Hl-). The 

behavior of &&. paratyphi B CDC-157, which is monophasic (1,2:-) but gives diphasic 

strafn by the transduction of H2 from diphasic strain as well as phase l-transduced 

monophasic strain, are explained as it has type-2 constitution (HG2). Samely, 

wparently peculiar changes from monophasic to diphasic in a. paralkhi B SW-960 

(-:1,2) by the transduction of HI become clear assuming that the strain has type-3 

constitution thlH2), and tbe ability of phase 2-monophasic strain of S&. abortus- 

ecrui CDC-26 to transduce Hl to other strain is to its type-l constitution (Hs2). 

The remained one type, type-4 (4X2), can be used to explain the behavior of phase 2- 

monophasic strain &&. uaratmhi B SW-?59, to which only phase 2 is transduced from 

diphasic strains. 5us all of the 5 monophasic types, eQected from present 

hypothe$ks, are fcund out in the strains studied since, and in turn monophasic strain 

which cannot be included in these types has not been observed yet. 

The type specifisity of each phase is not altered by We phase variation, 

that is; the change of Hz to h;2 f?llWNs the change of the component which controls 

the suppressive action for Hle (accordingly controls the phase variation) 

but dOhe not follow the change of the component which controls the specificity Of 

antigen type, described as follows: H21S2 t h21s2. Whether these two partsape 

regarded as different loci or the part of one gene PIP difficult to define, yet 

transduction analysis giv$no proof to distinguish them as different loci and the 

functions of these two parts are over all complemental, Just as CO&S enzyme Carl 

be active only when apo-enzyme and co-ensyme put together, so it meY be convenient 



at present to regard them as a genetic unit a~ a whole. 



Table 1. 

Transductions between monophasic cultures of diphasic strains. 
/’ 

Sal. abonv (Sla' ,.ik$nr) -I Sal. heidelbe~~::~~~,-r~~.z). 
c-", 

Phase Phase Bntinen,,types of Fla+-transduced cells Eati of 
of of . Ud%nked ttie Total linked 

donor , iecipient ,?r> t1.2) (r) :1,2 Total transduction 

1 ('b) .A' dr) t*?.$ - -' 0 21 i.22 0 22 43 0.51 

1 (b) F (1,2) ‘"0 ;.: 
,,:t” i 

7 1 43 50 0.84 . $kij, 

' 
,fL. 

7 ‘2 (ed 1 (r) \I 1x' I$,": 11 :gci 0 30 41 0.73 m 
. -.l .~=- P, : 
2 (em) i! (1,,2) ui 10 11 % z&y 0.78 J 39 50 * ., 

Total 33 17 50 54 io 134 104 0.73 

-is-+ _.._r I T- 
E 

I -___ _./ 

Table 2. 

<ma+* &... 6: pm -4. f-- r - : - 
Donor No. -of transduced cell Becipient ‘ i.(k ) . XIX ' (b):1.2 Total 

Tx~2phasel ! SW-803 
($1 (b:end 

TM-? p&se 2 pn 
(1,2) 

19 '0 19 

s i4 14 28 



!rable 3. 

Constitutions of H1 and H2 locus fn monophasic straine 

Xo.(type) H-constfitutlon Phase Qpe given by transduction of dip&sic 
; strain (HA'H?>') 

2 $11 11;! * Hl Hp' H2-t.d.ed diphasic 

1 5 Z' 'h Hl H2'<5 
-t.d.ecl monophasic and 

H2-t.d.ed diphasic 
2 El' H2 : hl Q’< ;l$;*gi W&#&yfl 

2- *  l 

2 HZ' H2At.d.ed;7*onophasic 

5 H1 - 1 %' Hl-t.d.ed monophasic 

t.d.ed=transduced 


